Objective: evaluate the microhardness and depth of cure of sonic bulk fill resin composite material for cementation of CAD/CAM composite block with different thicknesses versus the traditionally used dual cured resin cement by assessing microhardness at the top and bottom and calculating bottom/top ratio to determine the depth of cure.
INTRODUCTION
In the last few years, tooth colored restorative materials had become widely used due to increase patient esthetic demands (1) . With the introduction of CAD/CAM technology, posterior restorations can be prepared chairside within only one single appointment. Different categories of materials are now available to the dentist: ceramic blocks, ceramic/glass-polymer blocks (hybrid ceramic) and resin-composite blocks (2, 3) . The main advantage of CAD/CAM resin composite blocks over the conventional resin composite material is that the curing part is not required for CAD/CAM resin composite blocks as they are pre-polymerized into ready-to-mill blocks. This controlled and optimized curing may lead to a superiority of resin composite blocks over conventional resin composite material due to more homogeneity, no operator related variables, and mechanical characteristics and no firing required for true one appointment dentistry (2, 3) . Bearing in mind that providing and retaining good marginal integrity of an indirect restoration fundamentally governs the restoration's durability (4) . There are many factors that greatly influence the goal of achieving and maintaining an adequate adhesion. These factors include: A well-established surface treatments at both the tooth and restoration side (5) , furthermore, the kind of resin composite cement as well as the curing mode of both adhesive and composite cement. An optimum cure of the cement is indispensable in order to achieve good mechanical properties and avoid cement ditching with its consequences of a higher risk on secondary caries and endodontic/periodontal complications (6) .
The degree of conversion (DC) of resin cements has been directly used as a parameter for expecting the clinical performance of restorations. (7) (8) (9) (10) There are different forms of resin composite cements; the traditional chemically activated auto-curable composite cements (11, 12) , most of the currently available cements are dual-curable (chemically and photoactivated, available in a two-component syringe) (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) (23) (24) or a new trend category of solely lightcurable (one-component syringe). (25) The absence of chemical initiators in the wholly light-curable composite cements makes their polymerization entirely reliant on the amount of energy of light transmitted through the restorative material (25) (26) (27) . This new trend category of resin composite cements is designated when luting relatively thin and translucent restorations that allow enough light irradiance to activate the photo-initiators present in these materials and initiate the polymerization reaction (25) (26) (27) (28) (29) (30) (31) .
Recently, there is a growing trend in the clinic to use flowable and regular consistency restorative resin composites as light-curable cements. Their 'on command' setting offers the clinicians more time to properly seat the indirect restoration and to easily remove cement excess, especially in case of difficult accessible subgingival margins. Moreover, they have a stiffer consistency that facilitating excess control, a higher mean value was recorded in resin cement group, with no statistically significant difference (p=0.44). In 1 mm, 1.5 mm, a higher mean value was recorded in SonicFill 2 group, with no statistically significant difference (p=0.55, p=0.356 respectively). In 2 mm, resin cement recorded a significantly higher mean value (p=0.00). In 3 mm, resin cement recorded a mean value of 0.876±0.008
Conclusions:
Under the limitation of the current study it could be concluded that bulk fill light cured resin composite as new trend in cementation procedure can be efficiently cured through CAD/CAM composite blocks with thickness not more than 1.5mm. Indeed, dual curable resin cement remains convenient for cementation of thicker indirect esthetic restoration. removal, however, some operators use heating to get an enhanced flow during restoration seating. Also Sonic power can enhance the flow properties of the material. Sonic bulk fill composite material combine the high flowing properties and the ability to achieve a curing depth up to 5mm.Regarding their mechanical properties these restorative resin composite materials are stronger than the less fillerloaded resin cements and hence can be expected to maintain marginal integrity longer, having less liability to wear or wash-out at stress-bearing occlusal margins (25) (26) (27) (28) (29) (30) (31) .
A positive correlation has been established between hardness and degree of conversion (DC). However, the calculation of the hardness bottom/ top ratio and giving an arbitrary minimum value for this ratio can predict the degree of conversion and depth of cure of resin composite materials as well. (32) (33) (34) (35) (36) Therefore, in this study, we aimed to evaluate the microhardness and depth of cure of sonic bulk fill resin composite material used for cementation of CAD/CAM composite block with different thicknesses versus the traditionally used dual cured resin cement by assessing microhardness at the top and bottom and calculating bottom/top ratio to determine the depth of cure.
MATERIALS AND METHODS
CAD/CAM resin composite blocks (Grandio, voco) restorative materials were used in the present study. For cementation options, two resin materials were selected: SonicFill 2 (Kerr) and Dual-link universal Resin cement (Bisco). All the materials used in this study, their compositions and Manufacturers are presented in Table 1 . Four sections were prepared from each CAD/CAM blocks using a slow-speed diamond wafering blade (Ernst Leitz GmbH, Wetzlar, Germany) with a thickness of 1 mm, 1.5 mm, 2 mm and 3 mm respectively. Sectioned specimens of each CAD/CAM blocks were then divided according to their thickness into three groups (n=5).
Portions of each composite cement were placed on a 1-mm thick transparent glass slide and squeezed to a 100µm film thickness using a 100-µm-thick cover glass slides positioned on top. The luting space thickness was standardized by maintaining two other 100µm-thick cover glasses aside the cement. Each specimen was covered with one of the CAD-CAM composite block slabs or left uncovered (control) and then light-cured for 40 sec using BlueLex LED LD-105curing unit (Monitex, Taiwan) with light intensity 1000mw/cm2) . Light curing unit was positioned perpendicularly on top and in direct contact with the CAD-CAM slabs or the top glass (control).
Prior to the Micro-hardness measurement, the previous specimens were longitudinally polished using a sequence of 800-1200-4000 grit silicon carbide paper and alumina polishing paste (1µm). Surface Micro-hardness of the specimens was determined using Digital Display Vickers Microhardness Tester (Model HVS-50, Laizhou Huayin Testing Instrument Co., Ltd. China) with a Vickers diamond indenter and a 20X objective lens. A load of 100g was applied to the surface of the specimens for 20 seconds. Three indentations, which were equally placed over a circle and not closer than 0.5 mm to the adjacent indentations, were made on the surface of each specimen. The diagonals length of the indentations were measured by built in scaled microscope and Vickers values were converted into micro-hardness values.
Micro-hardness calculation
Micro-hardness was obtained using the following equation: HV=1.854 P/d2 where, HV is Vickers hardness in Kgf/mm2 , P is the load in Kgf and d is the length of the diagonals in mm. Five VK readings were recorded for each sample surface (top and bottom). For a given specimen, the five hardness values for each surface were averaged and reported as a single value. The mean microhardness values and hardness ratio % of the specimens were calculated and tabulated using the formula: Hardness ra-tio% = VK of bottom surface /VK of top surface X 100. Microhardness measurements were performed twice; one immediately and after 24 hours.
STATISTICAL ANALYSIS
Statistical analysis was then performed using a commercially available software program (SPSS 19; SPSS, Chicago, IL, USA). As data were parametric, significance of the difference within the same group was evaluated using one way analysis of variance (ANOVA) test, followed by Tukey's post hoc test when ANOVA indicated a significant difference. T test was used to compare between both groups. Mean immediate and 24 hours resin cement values were compared using paired t test. The interaction of the group and depth variables was evaluated using 2 ways ANOVA. The level of significance was set at P < 0.05.
RESULTS

A-Comparison between both groups
Immediately, in control, a higher mean value was recorded in Sonicfill group, with a statistically significant difference (p=0.011). In 1 mm, 1.5 mm, 2mm, a higher mean value was recorded in SonicFill 2 group, with a statistically significant difference (p=0.003, p=0.00, p=0.00 respectively). In 3 mm resin cement recorded a mean value of 0.495±0.012 ( 
B-Comparison of different depths within the same group
In resin cement, the highest mean value was recorded in control, while the lowest values were recorded in 2, 3mm, with a statistically significant difference (p=0.00). Tukey' s post hoc test revealed no significant different between 2 and 3mm (Table4, Fig.1 )
In resin cement 24 hours, the highest mean value was recorded in 1mm, while the lowest values were recorded in 1.5mm, 2, 3mm, with a statistically significant difference (p=0.00). Tukey' s post hoc test revealed no significant different between 1.5, 2 and 3mm. (Table4, Fig.1 )
In SonicFill 2, the highest mean value was recorded in 1 mm, while the lowest values were recorded in 2mm, with a statistically significant difference (p=0.00). Tukey' s post hoc test revealed no significant different between control and 1.5mm (Table4, Fig.1) 
C-Comparison between resin cement groups (immediately and after 24 hours)
Comparing mean immediate and 24 hours resin cement values, revealed a higher mean value after 24 hrs in control and all depths. This difference was not statistically significant in control (p=0.62), but was extremely significant at 1. 1.5, 2 and 3mm (p=0.00), ( 
Significance level P<0.05, * significant Tukey's post hoc test: Within the same comparison, means sharing the same superscript letter are not significantly different
D-Interaction of both variables
Two ways ANOVA test revealed that the depth variable resulted in a statistically significant difference (p=0.00), while the material variable caused a non-significant difference (p=0.087).
Interaction of both variables showed a statistically significant difference (P=0.00), (Table 6 ) Traditionally, a dual-cure resin cement is preferred for the placement of indirect restorations, to ensure effective polymerization even through thick and/ or opaque restorations (2, 6, 8, 36) . The current study evaluate the depth of cure of sonic bulk fill light cured resin composite material (SonicFill2, Kerr) for cementation of CAD/CAM composite block versus the traditionally used dual cured resin cement (Dual-link universal, Bisco) by assessing microhardness at the top and bottom and calculating bottom/top ratio.
The dual-cure chemistry apparently combines the assurance of 'dark' chemical curing. However the wholly light cured resin composites include improved handling features as a single paste that require no mixing, on command setting and hence better control of the working time, faster setting, easy removal of excess additionally improved color stability as light curable resin composites usually contain more fillers than dual cure resin cements, hence higher intrinsic mechanical and physical properties (25) (26) (27) (28) (29) (30) (31) . In addition the sonic activation of the regular flow composite enhances the flowing properties of the material to be used for cementation. Even with these advantages, very few works investigated the use of purely lightcurable composites to lute indirect restorations (36) . In the present study, the depth of cure of SonicFill2 which is a light cured bulk fill resin composite was evaluated as a new trend in cementation protocol for indirect esthetic restorations in comparison to Dual-link universal as a traditional dual cured resin cement. A CAD/CAM composite block (Grandio) was used with different thicknesses to determine the optimal degree of conversion and depth of cure of both resin materials used for cementation. Microhardness assessment was performed at the top and bottom of resin materials after curing degree of conversion was determined by calculating the bottom/top ratio that was assigned to be 80% of the maximum material microhardness. Since the depth of cure is an important tool to estimate the properties of resin composite restorations (34) , different methods are available to assess the depth of cure of resin composite restoration. The surface hardness measurements, whether Vickers or Knoop indenters, is one of the most widely used method for indirect determination of the depth of cure of resin composites. A good correlation was found between increasing hardness and increasing depth of cure (35) . Thus, in this study the depth of cure was assessed using Digital Display Vickers Microhardness Tester, since it is easy to apply and the data obtained are reliable (34) . Moreover, in this study Vickers microhardness number (VHN) was determined on the top and the bottom surfaces for each specimen since the light intensity is attenuated when passing through the composite due to light scattering effect of filler/matrix refractive index mismatch (35) . As a consequence, the bottom surface is more critically affected by the light intensity, so it is considered as a good surface to estimate the effectiveness of cure of composite (34) . Thus, assessment of bottom/ top surface hardness percent is a valuable indicator of the thoroughness of cure of a sample. Ideally, the degree of polymerization of the composite should be the same throughout its depth and the hardness percentage should be very close or equal to hundred. However, there is a general consensus in the literature that a value of 80% bottom/top percentage is considered the minimally acceptable value for light cured resin-composites (33) (34) (35) .
The results of the present study were that, immediately, in control, a higher mean value was recorded in Sonicfill2 group, with a statistically significant difference (p=0.011). In 1 mm, 1.5 mm, 2mm thickness of indirect esthetic restoration, a higher mean value was recorded in SonicFill 2 group, with a statistically significant difference (p=0.003, p=0.00, p=0.00 respectively). In 3 mm resin cement recorded a mean value of 0.495±0.012 (Table 1 , Fig.1 ). However, after 24 hours, in control, a higher mean value was recorded in resin cement group, with no statistically significant difference (p=0.44). In 1 mm, 1.5 mm, a higher mean value was recorded in SonicFill 2 group, with no statistically significant difference (p=0.55, p=0.356 respectively). In 2 mm, resin cement recorded a significantly higher mean value (p=0.00). In 3 mm, resin cement recorded a mean value of 0.876±0.008 ( Table 2 , Fig.1 ).
These results denoted that the resin composite material presented by SonicFill 2 has a higher physical and mechanical properties in comparison with dual cures resin cements with adequate polymerization when used for cementation of indirect restoration with average thickness of 1.5 mm. Unfortunately, this result couldn't be maintained at 2mm thickness as there is significant decrease in degree of conversion and depth of cure. Moreover, at 3mm thickness no curing was obtained and this might be attributed to several factors as the light transmittance through an esthetic indirect restoration is significantly affected by the type of material. Veneers are commonly fabricated with feldspathic porcelain, that demonstrate relatively high translucency, however, more opaque materials exist, especially those fabricated using CAD/ CAM processes, including resin-based composites, particle reinforced ceramic composites (e.g. lithium disilicates and leucite-based ceramics) and polycrystalline ceramics (e.g. alumina and zirconia). Therefore, if light transmission is limited by the opacity of the indirect material, for effective polymerization a higher irradiance curing devices are required together with increasing curing times (8) (9) (10) 36) . Definitely, low transmittance is expected through thick indirect material layers, which explains the relatively long irradiation times that were used when luting with light-activated (non-dual cure) resin composites (from 40 s [10] to several cycles of 90 s). (8) (9) (10) 36) On the other hand, in the present study, although the results of dual cure resin cement was less than that of sonic fill2 at immediate measurement with idirest esthetic restoration of average thickness of 1.5mm but it show adequate polymerization after 24 hours in all restoration thicknesses as inlays, onlays and endocrowns. This may be attributed to the" dark" autopolymerization process that occurs after 24 hours. A previous study has reported a threefold decrease in microhardness of dual-cure resin cement when light cured through thick (4 mm), compared with thinner thinner (2 mm or less), or no use of indirect ceramic filters . A similar observation was made when measuring the degree of conversion of a dual-cure resin cement, with a two-to fourfold decrease of conversion through opaque 2 mm ceramic filters (36) . The autopolymerization step in a dual-cured system seems therefore was beneficial to ensure optimal polymerization of luting indirect esthetic restoration. Hence, undercuring of dualcure materials or wholly light cured materials beneath thick or opaque indirect restorations remains a risk, which is potentially worsened with systems that use light-curable chemistries alone. Effective polymerization of the latter is indeed necessary to ensure optimal physico-mechanical properties and color stability, thereby reducing the risk of interfacial failure.
CONCLUSIONS
Under the limitation of the current study it could be concluded that Sonic bulk fill light cured resin composite as new trend in cementation procedure can be efficiently cured through CAD/CAM composite blocks with thin thickness not more than 1.5mm. Indeed, dual curable resin cement remains convenient for cementation of thicker indirect esthetic restoration such as inlay, onlay and endocrown.
Further investigation
Further investigation are required to evaluate the effect of different light intensities and different irradiation time in addition to the effect of different CAD/CAM blocks materials on the depth of cure of light cured resin composite as new trend in cementation of indirect esthetic restoration.
